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Introduction
In the last two decades, there is an ongoing debate about safety of the long-term use of proton pump inhibitors (PPIs). It is known that proton pumps are located not only in the gastric mucosa, but also in other tissues and cells. Such structures have been described in the large intestine, in the renal collecting tubule cells and neutrophils (Ritter et al. 1998) . PPIs are commonly used in the treatment of gastric acid-related diseases, mainly gastroesophageal reflux disease, dyspepsia and peptic ulcer disease. They are generally well tolerated, with adverse events occurring in 5% of patients, mostly headache, diarrhea, abdominal pain, nausea (Martin et al. 2000; Martins de Oliveira et al. 2007; Stedman et al. 2000) . Treatment with PPIs have been also linked with greater risk of Clostridium difficile-induced pseudomembranous colitis (Cunningham et al. 2003; Dial et al. 2005; Yearsley et al. 2006) and pneumonia (Gulmez et al. 2007; Laheij et al. 2004) . It is possible that not only an increase in gastric pH predisposes to infection but also impaired neutrophil function which may have an adverse effect on human immune status. In recent years some reports suggest that PPIs may impair the function of neutrophils such as chemotaxis (Wandall 1992 ), adhesion to endothelial cells (Suzuki et al.1999; Yoshida et al. 2000) , oxygen-derived free radical production and phagocytosis (Agastya et al. 2000; Suzuki et al. 1996) .
Some regulatory functions of neutrophils in the immune system are mediated by the production of reactive forms of nitrogen, including nitric oxide (NO) (Alderton 2000; Dröge 2002) . NO is a signaling molecule that plays a key role in the pathogenesis of inflammation, contributes to the regulation of apoptosis, induces vasodilatation in cardiovascular system and it is also a potent neurotransmitter at the neuron synapses. In humans, it is synthesized by the following forms of the nitric oxide synthase (NOS): neuronal (nNOS) in nervous tissue, endothelial (eNOS) in blood vessels and inducible (iNOS) in neutrophils, monocytes, macrophages, hepatocytes and bronchial epithelial cells (Alderton 2000; Dröge 2002 ).
Stimulation of iNOS expression in neutrophils by pro-inflammatory cytokines leads to the production of large quantities of nitric oxide. High concentrations of NO in the mitochondria stimulate the production of superoxide anion (O 2 -). Infiltration of leukocytes to a site of injury or infection is a characteristic feature of inflammation, and one that can be profoundly influenced by NO. Adherence of leukocytes to the vascular endothelium in response to stimulation with a chemotactic factor can be markedly suppressed by NO donors. NO has the ability to scavenge superoxide anion and may prevent superoxide anion production (Alderton 2000) .
NO activates cytosolic guanylate cyclase (sGC), which in turn catalyzes the formation of cyclic guanosine 3′,5′-monophosphate (cGMP) from GTP. cGMP mediates a wide spectrum of physiologic processes in multiple cell types within the cardiovascular system. Dysfunctional signaling at any step of the cascade -cGMP synthesis, effector activation, or catabolism -have been implicated in numerous cardiovascular diseases, ranging from hypertension to atherosclerosis to cardiac hypertrophy and heart failure (Tsai et al. 2009 ).
Mitogen-activated protein (MAP) kinases comprise a family of proteinserine/threonine kinases, which are highly conserved in protein structures from unicellular eukaryotic organisms to multicellular organisms, including mammals. The MAP kinases signaling pathways play a significant role in the activation of various neutrophil's functions.
The members of MAP kinase family are involved in all aspects of immune response. p38 MAP kinase is associated with immune cell activation and activated by a variety of inflammatory mediators (Abraham 2005) . Recent in vitro study have demonstrated the inhibitory effect of lansoprazole for signal transduction through extracellular-signal regulated kinase (ERK) 1/2 and p38 MAP kinase in stimulated neutrophils (Koshio et al. 2010 ).
Most of the previous studies on the effects of PPIs on polymorphonuclear neutrophils (PMNs) have been done with the use of omeprazole in vitro, in animal models and in patients D r a f t 5 with Helicobacter pylori infection (Agastya et al. 2000; Martin et al. 2000; Suzuki et al.1999; Wandall 1992; Yoshida et al. 2000) . The overall effect of PPI on PMNs function in vivo remains controversial and most of the studies have been done with the use of omeprazole.
Additionally, there is no data available on the effect of PPI on NO production by PMNs.
Therefore, the aim of our study was to evaluate the effect of short-term oral treatment with omeprazole or pantoprazole on the function of PMNs with respect to NO production.
Patients and methods
Before enrolling to the study all the subjects had clinical examination and laboratory blood tests: complete blood count, concentration of C-reactive protein, fibrinogen, creatinine, urea, bilirubin, glucose, sodium, potassium in serum, activity of alanine aminotransferase and aspartate aminotransferase in serum, prothrombin time and urinalysis. The study has involved patients with normal results of physical examination and laboratory tests before enrollment.
Other inclusion criteria were: no PPI treatment at least 14 days before the study, indications for use of PPI (peptic ulcer disease, gastroesophageal reflux disease), no other medications during the study. Exclusion criteria were: PPI or H2 receptor antagonist treatment within 14 days before the study, antibiotic use within 4 weeks before the study, current bacterial or viral infection, diabetes, cancer, immunodeficiency in medical history. The exclusion criteria did not contain nitrite/nitrate-rich diet. In our patients, the daily nitrite/nitrate consumption was not evaluated. Informed consent was obtained from all of the subjects. The study was approved by the Ethics Committee of Medical University of Bialystok.
We have prospectively enrolled 16 women and 14 men. The mean age of the subjects was 38.1 ± 11.9 years. Using a single-dose, randomized, open-label clinical trial design, proton pump inhibitors were orally administered, in a standard dose, for 7 days: 15 patients D r a f t 6 were treated with omeprazole 20 mg per day and 15 patients with pantoprazole 40 mg per day, taken 30 minutes before breakfast.
PMNs were isolated from heparinized (10 U/ml heparin, Polfa, Lodz, Poland) whole peripheral blood by Gradisol G gradient 1.115 g/ml (Polfa, Lodz, Poland) according to the technique of Zeman (Zeman et al.1988) . The isolated cells were suspended in Hank's Balanced Salt solution (Gibco, New York, USA) with a culture medium (BIOMED-Lublin, Poland) containing 8% autologous serum, 100 U/ml of penicillin, and 50 ng of streptomycin (Polfa Tarchomin S.A., Poland), to obtain a density of 5x10 6 cells/ml. For the assessment of NO and cGMP production the cells have been incubated for 20 hours on microplates (Microtest III-Falcon, BD Biosciences, Bedford, USA) at a temperature of 37°C in an incubator with a maintained 5% CO 2 flow (NUAIRE).
Within 14 days before the study and after seven days of PPI treatment 15 ml of blood was collected to perform the following measurements: NBT test, total nitric oxide (NO) concentration in supernatants obtained from PMNs culture and serum, the cyclic guanosine monophosphate (cGMP) concentration in PMNs supernatants and serum, the PMNs expression of inducible nitric oxide synthase (iNOS) and phospho-p38 MAP kinase.
NBT test
Nitroblue tetrazolium (NBT, Sigma) was dissolved in phosphate-buffered saline (Biomed).
Spontaneous and stimulated NBT tests were performed. PMNs were stimulated by latex 
Determination of total NO concentration in PMNs culture supernatants and serum
NO production by PMNs was estimated using an indirect method based on the measurement of the nitrite concentration in PMNs culture supernatants and serum according to Griess's reaction. In the analyzed samples nitrate was reduced to nitrite in the presence of cadmium and converted to nitric acid that gave a color reaction with Griess's reagent. After 30 minutes nitrite concentrations were determined by spectrophotometric analysis at 540 nm with reference to standard curve (Schulz et al.1999) . NO concentration in PMNs culture was expressed as µM (supernatant from 10 6 cells suspended in 230 µl of culture medium).
Analysis of cGMP concentration in PMNs supernatants and serum
The cGMP level in the PMNs culture supernatants and serum was measured using an enzymelinked immunosorbent assay kit (R&D Systems®).
The expression of iNOS and phospho-p38 MAP kinase
Freshly isolated PMNs were lysed by sonification (SONICS Vibra Cell) in the presence of protease inhibitor cocktail (Sigma-Aldrich). The lysates were suspended in Laemmli buffer 
Statistical analysis
The results were analyzed using IBM SPSS Statistics 20.0. The majority of data are expressed as the median with minimal and maximal value. Significance was determined by Wilcoxon signed-rank test and p<0,05 was considered significant. This is non-parametric statistical hypothesis test, for the comparison of the medians between two paired samples (before and after specific PPI treatment in the same patient). Data in clinical characteristics of patients have been analyzed by unpaired t-test (age) and Chi-square test (other data).
Results

Clinical characteristics of the patients
Thirty patients were enrolled in the study (16 women, 14 men). The two randomized groups were mostly uniform (Table 1) .
NBT tests
We have found no effect of omeprazole and pantoprazole treatment on the results of spontaneous NBT tests (Table 2) . However, a statistically significant increase in the D r a f t 9 percentage of phagocytes (by 69%) has been found in the omeprazole group after PMNs stimulation (NBT test -stimulated). The opposite trend has been observed after pantoprazole treatment but the difference has no reached a statistical significance (Table 2) .
Concentration of NO in PMNs culture supernatants and serum
Treatment with omeprazole or pantoprazole had no effect on NO concentration in the PMNs culture supernatant and serum ( Table 2) .
Concentration of cGMP in PMNs culture supernatants and serum
Treatment with omeprazole or pantoprazole had no effect on cGMP concentration in the PMNs culture supernatant and plasma (Table 2) .
iNOS and phosphorylated p38 MAP kinase expression in isolated PMNs
Treatment with omeprazole or pantoprazole had no effect on determined by Western blotting iNOS protein expression (Table 2) . Phospho-p38 MAP kinase signal in Western blotting shows only active, doubly phosphorylated forms of this kinase. Treatment with omeprazole or pantoprazole did not stimulate or inhibit p38 MAP kinase activity in PMNs (Table 2) .
Discussion
In PMNs, production of the oxygen reactive species by myeloperoxidase (MPO) and NADPH oxidase play a very important role in phagocytosis (Nauseef 2014 (Wandall 1992) . In this study PMNs were isolated from blood of healthy donors, activated by formyl-methionine-leucine-phenylalanine (fMLP) and incubated with omeprazole in varying concentrations, from 10 to 50 minutes. Generation of superoxide anion was inhibited in 50% by omeprazole at concentration of 2.5 x 10 -5 mol/l and this effect was maximal after 30 minutes. A similar observation has been made by
Capodicasa et al. who found that lansoprazole inhibited in vitro the cytotoxic activity of
PMNs, natural killer cells chemotaxis and superoxide anion production (Capodicasa et al. 1999) . In this study PMNs were isolated from heparinized blood of 12 healthy volunteers and preincubated for 30 minutes with scaled-up concentrations of lansoprazole. The study showed that lansoprazole at concentration 250, 500 and 1000 µM inhibited PMNs superoxide anion generation. In the recent study, the effect of PPIs on peripheral leukocytes function has been studied in patients with decompensated cirrhosis (Garcia-Martinez et al. 2015) . Most patients undergoing PPI treatment were on omeprazole (91%), while esomeprazole and pantoprazole use accounted for 4.5% of cases each. The blood granulocyte and monocyte's phagocytic activity and oxidative burst were evaluated by flow cytometry. Use of PPIs was associated with a decreased granulocyte and monocyte oxidative burst, but not of phagocytic activity, as compared with patients not receiving PPIs. Interestingly, another in vitro study showed that PPIs, omeprazole and esomeprazole, stimulate production of reactive oxygen species in monocyte-derived macrophages and initiate apoptosis of human B-cell tumors (De D r a f t Milito et al. 2007 ). In another study of the effect of treatment with 40 mg omeprazole on neutrophils function, PMNs were isolated from venous blood before treatment and 4 hours after drug administration (Zedtwitz-Liebenstein et al. 2002) . Extracellular reactive oxygen intermediate production (ROI) was assessed with a cytochrome c reduction assay and neutrophil bactericidal capacity were determined by fluorometry. Omeprazole had no effect on phagocytosis rate and basal extracellular reactive oxygen intermediate production.
However, after PMNs stimulation with E.coli the extracellular and intracellular ROI production was impaired by omeprazole (Zedtwitz-Liebenstein et al. 2002) . In the present study, with the use of NBT test we have evaluated the function of PMNs phagocytosis and capability to produce oxygen reactive species. We have found that short-term treatment with omeprazole enhances PMNs reactive oxygen species production and thereby may improve phagocytosis. The opposite trend has been observed after pantoprazole treatment but the difference has no reached a statistical significance.
NBT test is known as a semi-quantitative microscopic method for evaluation of reactive oxygen species production used to screen for neutrophil and other phagocytic cells dysfunction. Neutrophils reduce the dye NBT, a clear yellow water-soluble nitro-substituted aromatic tetrazolium compound, to a purple colored formazan derivative upon stimulation of the respiratory burst (Choi et al. 2006; Rook et al. 1985) . Formazan precipitates as a dark blue granular substance, which remains trapped in the neutrophil's cytoplasm. Considering the assumed mechanism of formazan formation, the results of NBT test in our study suggest that short-term treatment with omeprazole enhances reactive oxygen species production in PMNs. Our results also indicate that some effects of PPI on PMNs function may be specific to the drug type since pantoprazole treatment resulted in an opposite effect. Currently, it is difficult to predict the clinical significance of this finding. Further studies are necessary to understand the mechanism of PPIs effect on targets other than proton pumps in parietal cells D r a f t in the stomach. PMNs are remarkably short-lived with a circulating half-life of 6-8 h and the total residence time of these cells in the bone marrow may be around 11 days (Cronkite 1979; Summers et al. 2010) . So, even short time treatment with PPI should be sufficient to influence their function. In contrast to majority of previous studies, our current study is an in vivo observation with the alternative method of superoxide anion production measurement. In cultures of PMNs isolated from our patients we have used an autologous serum, but we have not determined omeprazole and pantoprazole level in culture medium. Therefore, we have no evidence if the omeprazole or pantoprazole in vitro level corresponded to concentrations used by the others. We have not evaluated omeprazole and pantoprazole plasma level in our patients. PPIs are metabolized mainly in the liver by cytochrome P450 enzymes, with CYP2C19 playing the dominant role (Kirchheiner et al. 2009 ). Recently, in another prospective study, we have evaluated cytochrome CYP2C19 genotypes in fifty patients, with upper gastrointestinal bleeding, from our local community (Chwiesko et al. In press) . In this group, 12,0% of subjects were classified into intermediate metabolizers, 46,5% into extensive metabolizers and 41,5% into ultrarapid metabolizers and there were no patients with a "poor metabolizer" genotype. So, we can assume that cytochrome CYP2C19 genotypes in patients from our local community do not cover the whole spectrum and are in 88% represented by fast metabolizers. Therefore, this situation should not lead to dramatic differences in the rate of PPI metabolism in our patients. However, measurements of PPI plasma level would provide additional information about the bioavailability of these drugs.
Our study has demonstrated that treatment with omeprazole and pantoprazole had no effect neither on determined by Western blotting iNOS protein expression in freshly isolated PMNs nor on NO concentration in the PMNs culture supernatant or our patients' sera. There are D r a f t 13 studies suggesting the role of cGMP in inflammatory activity of human neutrophils. It has been shown that increase in cGMP and activation of G-kinase result in chemotaxis occurring via a NO-dependent as well an NO-independent pathway (Wanikiat et al. 1997) . The findings obtained in another study have suggested that NO inhibits the activation of human neutrophils through increased production of cGMP (Moilanen et al. 1993 ). In our study, the results of cGMP concentration measurements are in agreement with NO data showing that treatment with omeprazole or pantoprazole had no effect on cGMP concentration in the PMNs culture supernatant and serum. In the literature, we have found only one report about the effect of PPI on human plasma NO concentration. Interestingly, it has been reported, that treatment with rabeprazole (20 mg/day) for 8 weeks have caused significant elevation of plasma NO level (Swiatkowski et al. 2004 ).
Reports in the literature indicate that the activation of cellular p38 MAP kinase was necessary for fMLP-induced chemotaxis (Zu et al. 1998) cell line treated for 12 and 24 hours with omeprazole has been also investigated recently (Ng et al. 2008 ). This study have showed that omeprazole promoted cell migration, but not cell D r a f t proliferation and had no effect on expression and activation of ERK1/2 and p38 MAP kinase.
In our in vivo study, short-term treatment with omeprazole and pantoprazole have had no effect on p38 MAP kinase activity in PMNs freshly isolated from our patients' peripheral blood.
Currently, PPIs are being used all over the world on a huge scale. However, our understanding of the overall activity of PPI beyond the inhibition of gastric acid secretion is This association between CAP risk and short duration of PPI therapy is surprising and difficult to explain. It suggests that some acute changes occurring with onset of PPI therapy may be responsible for CAP risk. Omeprazole and pantoprazole both inhibit the secretion of hydrochloric acid in the stomach with a similar strength. However, the metabolism of these drugs in the liver and interactions with another drugs are to some extent different (Wedemeyer et al. 2014) . Until now, the majority of studies about the "extra-gastric" effects 
